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Fig.3. The contribution of the small ports to the development of the region’s economy
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Fig. 7. The practical scheme for creating the port terminal
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Fig. 8. Static load action in arched structures of the berth

Bob. 9. BogdoLoAMIOL 561095ddMK 6 300b6LEM)J3090T0 BEBIGH0IMMO HBHZMMZ0L

39bsfioegdol Lidqds.
Fig. 9. Static load distribution diagram in non-arched structures of the berth



18

LObBHYISBY 5,300 0-bogsM0  FMMBHO"  WdGZMMZ0L  FmJdgEYdITPY  39PIWBY
3mg09©9gds dbMmE aMMBEOL gs8dOX 60 ©(bg3s A&, bmwm q(X1X2)oE3060m30L
3J099050  g5dm0fig0s  2o3dOXNBO  ©FBI30L  FobO®s A(g) LoEowom  (bsbsbby
d99L58599%5 93099MH0L EIGHMObMYO Bsffoo). sTsbmsb, Y3500 doEol FobEmegdol
396mb0ob Jqlisdsdolo, 0BMYds 39 ol Bswmbzol LoEoY, 39MAM® JoLO FOWIIPYOEIGOS
D909 LBoYMHI60IB VBOIds A LOEOWO® WS WEY39O Tl YobBEMEGOSL 593L Loby.

EJ-S2=M©) (3.1)

byog M(Y) - 30©9bY a(g) @AZ0MMZ0m gx3mfggewo 8ebsgo dmdgHob wagbywwos;
EJ - 39000l Loboli@gs.

a(q) — q(x1x3) ©GHZ306MMZ300 3530399900 533X 960 §6930L BoBOOS;

a'(q) — q(x1x3) ©GZ300030L056 Fo®dmgdbowo bs@Bgbo 4sadGMXgbo 69359

A - 39000l Bgs Boffools goosa0wadss q(x1x;) ©IGH306MH™M30L IMJdggdols
890092°w;

7(q) - 3530Mx 960 §6930L 390035 Mo BIbgwos; A’ - 3900w0ol bgws bsfowol
656MBgb0 25055000 gdss IEHZ0MMZ0L Fmblbol 99w,

H- 3900l Lodosmegs;

X1Q05 X3 33300030l Dol 3mmMHobs@gdos.
=¥

o

Bob. 10. bago®o MbEGHOL D306 30030l dmblbols 8989

29906 x9b0 390000l oM EH0Egddo bsMhgbo dsd39d0L 50dzGmOL Lidqgds.
Fig. 10. The exciting circuit of residual stresses at the points of the arched wall after removal
of the load on the loose ground surface



19

65s3O™Ido 598539890 2om3eol IgmmEozol dobgwozom Tgodargds Fgombgls
93069 LO3MOGM  Boggdmdol G030 s 25035¢ml o6y  F9IoIBMMYGOJE0  doYOO
3 GH™O900L HB99mddggdom 258mfi39eo JoM0MOEO BsIBHZ0MHMZM dsboliosmgdegdo.
1539050l Fgmabg 930 99036935 306 LEBOZM 3MEEJdOL gHM-gMmo 3bodzbgarmgsbo
LAHOMIGHIYONwo 9ol LobIHYmdm  LobBgdol  FH9gdbolzMM-93mbmdozmMo
3565993HMgool  250m33e933L.  BH300mdMMBb30L  3MMEgLgdol oo mbyby
53bgd30MmboGmgds 5353009005 96 FoMGHM  LBbgoolbgs  Lobol  GHEMsbL3mGmE 0l
390056(gmdogn 3m85mdsLmsb, 50539 GHZ30MHMGOOL ILSHYMDdJOOL 3MMELYO0L 9339
350358096 EOHMT0. 13060399l YM3woLs 599309005 Ba3MMEM LOHYMdOL doMOMSEO
159gLOM O™ BM6J300L 0EIbEHOTBOEFOMYDS.

56599000Mm39  LsDBE3sm  3MmOGHJO0 9300  2oMgabMmo  gmMIolb  dobgzom
d9Lodegdgeos  8600369mabs  AobLb33IdMbI6 9MPToBgMOLORIb,  Fog®sd
d0bgog5 53  goblbgeggdols Fomo  OMEo  IMTsMoa9d0L  WMAOLEOIMNG  X9F3d0,
AOBL3MOGHMGOLS o ©9349F53900L  3MHMEILOL  ABbMOE09WGdOL  M3ges30gdO0L
Bo@Bo6900Lol H30MmoL Labgmdol 0BGV, 439ws LEBEZIM 3MOEGHO YY) GHYMTobsero
G3gems B39305w0DsE00L 3MIMBOEO QobLEBOZOWOs {H30MM0L Lobgmdol dobgzom,

SOl 0©IbGHMO  FMbJ30l s 93 FMbJ300L  9BIJGHMOO O gdoLsm30L
3903501069005 B0 bbgoolbas BMbdEombswmMo gergdgb@gdoo s0FMM3s. y39ws
9 9e9d96@0 5393006093 0s JOHMTDYJNMb S J360s6 Md0gdEHOL 0bRMILEHM™MIEGIOOL
d9L505d0L LoG®IBL3MOEM-EJIbMEMYoE LobEHgdsb.

3mOGdo  d9dmbyero  Gzommo dgdymdo  dofimgdol §ob mmgdom ™3 9ds
Lo@30MmM LoHymdTo, MHMIgEog sbMOEF0IWIdL OFMM39d0L BMBIE0sL s BH306MMYdOL
30319160 300900l 56 g5(3990L M9bsdMMBL Lbgzoolibzs Lobols LoGEMsbldm®EHMm Lodwowgdgdl
dmMob. 0¥ ggdo 3mdEGdo  GH300900L Fobowgds Fgdm@ol OHMDBY sG], 95d0b
©53H3060m30L  Bs3domgdol  AoBLILMMF0YWGIWSE 530w gdgw0s  Lofilymddo  9.§.
Lot BgO3M G300l sOLYdMds. M) 49do  FHZ0MOMom bzl MGTo  Jgdmeol
930569000, 35306  Lofymdgddo Mbs o0gmb  BH30MH™MOL ol FoMogo, MMIgwos
MBOHM6390gmRlL  BHOIBL3IMOGHOL Mfyz9@ TMTomdsl. ™) g930 0309690L  EHz0MMOL
9oloM9ds@, 85906 LOHYmMdL »bs Fggdeml 08 HBgIgEO GH30MMOL QsbMogLYds, MHMIgEo3
999m35 Lobdgwrgmm GEMmsbl3MmMEH0m.

LodmMEMm  Lohgmddo  GH30MMOL  gosddsggds 306M39¢  MHodo 9353006 ds
AOBL3MOGHOMGOOLs  ©d  Tgbobgol @OML  dolbo  BMOIoL  33WOEGISL,  MMIgEo3
3960L5BM3MYds 3gdbMmEMyomEO INfYmdoErMmdgdol L3gE0sX0BIF00m. 50b0TEOL 3odm
50 gmbdaogdol  Fglermergdol dobboom  (30w3gMEo  3mMEGdo  ©s  BHYMIoboergdo

SOFMMH300s  4obLbgeg9dMEo  gmbdiombocmo gargdgb@gdom. GH306MHmM9gdol RMmGAoL



20

330 gdol  3bJ30s gdLobMgds o0 MYoLEBHOIMEO 4553 T539d5L.  EHgMdobocrols
LSEGOBLIMOEM WMAOLE03MOO LoLEBHIIOL LogMom Bggds dmEgdwE0s BobsBbY 9.

LOGEOBLIMOGHM - myoLBHO03MOO LolEIIol BMOIoMYIOOL dMs3z5M0 T9doygbgero
Bsfoos Bogs LadmOEM BHMIBL3MMEH0MdOL LoliEgds GMmIgmois bdgdabyg Hos@mdmwygbowos
90805003900  0LMGOOL  BodMOWGdOm. MOMMYMWo g 39380600 [oMBMoEYIbL  396dm
LoE30MmM d03MM b5350L s JAbob ozM™ LoG30MMM FOMBEBL, MMdgwog FoMdmowyqbl
L59gOHOM BsBz0MmMM GOMDBEHOL Bofols.

BoGHo6M90M@0 565¢0Bol Boydlzgenbg Jgodegds go39mEIL ©sL336s 0dols dgliabgd,
™3 LsDBEZ9M 3MOEHOL s GHYMHI0BOL 73MbJ30MbsEMMO 1L5Jd0bMdOL FglreEgdsTo (Mo
399Mm0bs3gds 3mdLobMmgdol boMobbls s 9839JGOMdIT0) 9OHM-9MOHMO 153356dM MM
Us@300mmm  Usbsfigmdm  Loliggds, ®mIgeog  2obboBmg®magl  3mGmE0L  3m@GH9bEoswme
d9L5dGOEMBYOL S 5Y5EP0dJIL 93mbMT03MMO 49630MsGMdOL 30I06(30390L.

| LsBgom HMBLSMMAHO \

LaBE3om LaBzoMmom a3mmbGn

\
%
T

—
]
{t
basgmBmdogrm badzohom ghmbdo _;

LasgBHmmdogm BMabldmm®o

1Y?

ibgs Labol BHGBLIMGEO
bb3s babob La@dznmom a3mmbGn

{10 !

bofm 1060aBm Lahznmorm exfmmbBAn

| 15630605 BHBLMOGO

Bob.11. Lodm®OGH™ Ggmdobsol Ls@GMobldmm@m - wmaoliBozn®mo Lol@gdol Logmom
Ud9ds
Fig. 11. General scheme of the transport-logistics system of the port terminal



21

3o630bomm  mv  OHmym®  dgodwgds  dmbEgl  3mOEGHOL  Lsbafymdg  Logdgdo
3306000900l 9M00Md030 F965b30L Lodwoem s JogduBodoGO JmEMErMdOol Jggi3eligds.

A306000, OMIgeoa 99905 17 bbgoobbgs Lobol sdm)3009dgwo 356EH0900LOYD
5 MMIgWmS FMEMEMdIS 00mMG)ol V,, 0bsbgds Lofymddo ser10msbsdcmos, Gog 0dsls
60dbsgl M3 3sOEH00b @y Bofogrols Ggbsbgol 35ss @MMOL T; 8mbszzqomo, a, boflorols
d965b30L MMOL Imbs339000 T, s 5.9. V,8m379mdol 3306000l 3sOG0ob bofymddo
dgbsbgs  dmombmzgl 9.). saowo-mm GoEbzol  QoBLIBOIMLL, MMIGELsE 9hHmgds
356 &00b F9bsb35D9 Lofiymdol 39)Fomds s 2oboLIBMZMGOS ITMI0WYOIGOO

— n . . — n
an =Xica Vo Ty =V i oy T,

bs@oi V- $H30000L n-mM0 350E00L IMmEIMmdss;
ay; dy ... a; - 33060030 V) 9039wmdol 3o60@0900L Howos;
Ty; Ty ... Ty - $30600L 35639000 3560G09d0b d9bsbgzol tMms;
an - BH30000L 9gbsb35D9 Lofigmdols I9domdss.
ooy Mt a;T; 50090l G30HMOL Laffymddo G9bsbgol Lsdrmswrm MM
T = Xi=y aiT;

Bofymdols LogMom 3w9dsmds yzgws 356GH00L 1, dmEwemdol G306Mmol dgbabgolsls
(n=1 ....., N) @50l T 0b39g6M35¢0d0 2560L5H03609ds
A= ZE:l Qn ZII:I=1Vn Ty

Los3 A - LdHYmdOL BmBomdss 3H306MHmMOL y39ws 3smEH0ol d9bsbgzoby;
N - b5Gymddo d9bsbmemo $H3000m0b BogeoM MomMm©gbmdss.
d9bsbmo  Bzommol  Lsdmsgrm  dmiEemds £ sOolb  Loog OHmAgebsg 7
QOMOLYMZ0L 593L Lofigmdols I98smdol dm 3wy Mmdols I60dzbgermds

E-T=A

Lo £ - $H306MHmol 99bsbgzol dmiEmemdols Lsdwyseom 3603369crmdsy;
T - 3306000l 3560300l 99bsb3z0l 39MH0M©O.;

306000 d9bsb30L LodwseM FMEFMW MBS MHMAE0E LBsfiYMmdTo JoBHIMYds T=365 M9-
©5dob 3gMomdo

__ NVTs _ QpTy
T 365 365




22

Bos3 Qg - LoYMO0Ib oL BHZ0OMOL MomEIbmdss T 39MHr0Mm©J0;
Qp - L3FYmd0o@b golEro GH30Hm0L GMEIBbrMdss Jngeo fierol dsbdoby.

LoPYMd0IB oo BH30MMOL MoMmEIbmds dmgo ol Fsbdo By odmomzEgds

209mbsbangdom

O = 365
P T,

boO3  BH30MmMOL Jgbobgzol Lodrmswm dmEMEMds
. NVTs  Qp-Ty

365 365
T _ 365
bogom Toss = S =

560 LHYmdTo 300900l F9ImMLzEgdL GOl MHML Lsdwsem 0bEgMH3zswo.

M) obE035d0 Loy (365/Tw) FoMIMYIBL Lofymdob ,,d6()b35MdOL* oBgz969dqwWLs.
090 230639690 0 256LsboM3ge0 3gHOMPOL gobsgzMdsTo Mo8Ybx M bogds
39029600 ™d0L LEMEo obobengds Lofymddo.

33w930L 36MHmEqLT0 saMgmM39 M3 306 3MMEBHJOOLIMZ0L LoLLfYMdg BsODOL
39bLOBOZMOL FJIMEOZS. VOS O IHMOHMWO FH0O30L LadmMEGHMm boEs3900L d9dmbaggzsdo
5L5HYMBYGOOL Lo FOMOM RsMMO F5BOLIBOZMYdS RO

E
" ak,

boog E  Loflymdgdol  Losbgo®modm  Gg3oomds  @d  3obobyBmzMgds

©59M 30009390
E=KD+P-n

boo3 K- 3m6GHTo 898mbvmeo $306006535000L LoMOmEob 3m95303096G0s
0035¢0{0obgdl GH3000m0L LobgMOLL.
96O0y350M3560 BHz06MHmqdoLsmgol K=1,0+1,3;
3960990 BH3060mgd0Lsmgol K=1,3+1,6;
D - b5565600m 2930l Lyrms GH300050(9Md55 (@F);
oo P * 1 - Ls®xBIOZM BHZOOMHYZOMDSS (), bosg P Foddmawygbl o@go®mgs-
3963306300l bsFMTomgdol 0bEIBLOZMINL MY-1s39xT0 (B/EMVY-1sdY), bmwwm n
Lo BYIOZM bMOTE 0O M™Y.
oo G Ho63MsAIBL ILSHYMOGIMWO FHZ0MMOL 3JIbMEMAOME IBHIOOMISL.
9OOLIOM0s60 Bobofgmdg Tgbmdgdolsm30l GHYdbmemmaom®mo s@30MmmM3s g=2,5 &/d?



23

bogm  30635¢BsOMosbo 89bmdgdol 30MH39mo s bsMRYbo LaMmmegdolsmgzols
d9Lodsdobo g=2,1 /0% s g=1,35 &/

K 5 QIBYOHYO H030L Lobdfigmdg BoMMYooL 3dMYgbgdol 3mggzoEgbBH0s s FgMyrEo
3969650 M0 3306000900L G9000bH393500 4560LsDBPZMYPdS 3BOOOIB.

"bs  500b0dbML, MHMI IBNOMWO  BHo3oL  LsfymodgdoLlsmzol dbodzbgwmgsbos
396md0L  LoboMygdem  Lodswerg 56wy Lodos®eg 05353090  gosbYM30L  FBo
3™bLEGHMMJ300009. dobo LooEg gobolBO3MGds Tgbmdol GHodol dobgwzom s
9HOLHM0560 LsYmdGdoLsmM3z0L FH=7,8 3. 3935¢LsOMM@0sbo J9bmdgdol 30639wwo

LosGOMobsmgol H = 6 8, bmem ©s656Rg60 LsGMME9dOLIMZ0L dolo LoEoEY 56 MBS
0ymb Bogargdo 4,8 9-Dy.

LsgOomm 15336900 S M93mIgbsE0gd0

1) dgbfogeoo  0dbs  LEB3sM0  J399bgdol  d3oMg s Lodmowm  doBbgLol
39630056900l byddgdo 3oty  bs3LOEYMMIOOL  Bmero @S 93 OYombydTdo
Dom08mgdmmo 3OMmEmJaool 3306 35MEGH0Wwo 3H3060m9doL d30609 IbsHOX GO0
93 OMA0 2ooG300030L FqlodEgd™Md9d0;

2) HM3MmaMx0wo 529303065 O gMEMOIRBoMEo  IEYOSMGMOOL  sBserobols
Loggdzgenbg d9Lfogerowo s sLYdMMIOIEo 0dbs Lodomgzgwml dogo BEgzol
533560530 Bog30Ls s dobatg Bogzoligaol 808qds6g GHgMo@mMmosbg 83069
Lodd53MOL 3mMEOL F9Jdbol 39ML3gdGH03s s FLOdEdEMBYd0, MOE FoMEH035©
3900509390 ©930mbol bmyerol gMMHbgmdsls s 2935949853909 LEgOMTo
©sb5g890MEo  I306Mg s Lsdmom  d0BBILOLIMZOL  LogHPsTMGOLM  1535FOM
2O0009ONMDJIT0 BOMZ0L GG MIGOL;

3) Lodmd@GHm  999690mdol  dosbgo®modgdols ©s  ©a3Mmgd@gdol  bmMds@omwo
9900m©030L Lorwdz9w by, 1533930 GHIOOBHMMOOL BHM3MYMIROMWO gRToLs
3939530 dmbs(39990D9 ©oYOHbMdOm 8904dbs HgcMmBoborols 3GmgdEHocMgdol
Ud9gds o  BH30MMbs39Id0L  FM3gdMo  LoAIOZMOLIMZOL  ASBOLIBOZMS
65330L5™gd0L HoEbgzo s QobEoygdy;

4) ©5099953005 ©3LA3OMYIHIdJ  3mOGHTo 2999008  Bo3oolL  gobsfogdols s
3900mb3Wo-353wol  2obGOoL 3309308 Bgo™MOZd, Mol LyRMIZ9W DY
09MM0MEs© 0gbs dgLHogerowo 3H300mbs350900L s LybTGEgoM LoBHMIBL3MEMEHM
(63060259, 53GHMLOGOIBL3MOEHM) LTMOEgdgdOL FMIMMdOL JoOITMEH9dOL 1iddgdo
5 LobdoMmgqd0;

5) Bo5GHo®m@s  ©oLad3Mm™Mgd@gdgwo  6s3d0boamdol  30GmMmEH)Ibozmemo  Boggdmdgdol
B59dL3EMOBOE0M-3I603IM0 3561509BHMYOOL 33¢935. oBOLEDBPIMS Bogdoloymdols
Bo290mdg0bg ImJdgo 2oMmg BodBHMOOoL BgImJdggdol Fobslosmgdrgdo s



24

d9LHogroo 0dbs gMbgmeo GHaMoEHMMo0L AMMBEHOL Joboliosmgdrgdols yogwgbs
65290Md900L 3bLEMWMJ305DY;

6) ©5y0bs MM 4OH6EOL Foboliosmgdwgdol 33e0wgds GIMMBOEIGDS 9GO 030
59m396900L  396Mmbgdl s MmbEHOL LogmEgdo 30MHMEJJ603MM0  boggdmddOL
90M5MdsLd @O IRMOT5300L  IM3Egbgdol  shghs 96 bgds  gMHMOsbo
30033 9Jbw9MH0 FoEAMTOm S 2560bOEIGdS (35¢39ME0 53M356gdOL STMbLBOL ABom;

7) Bo@ots  65300Lomaol  3000MMmEHJb03MM0  Boggdmdgdol  ©sdsdEO S
©IBRMO5300)0  dEyMIsmgmdol MHosbgzomo dgmmEgdom  godm3zergzs MO
Lo0bgobOM  AgmEmaome  3oMmMdYddo.  390dm©,  obolLbEgGms  83MbEOL
©IBRMO530v) MM gMOIBY 5335@MM05d0 fyrol 30OMmbEEG03MMo {iBg30L
5 3M6&30 Bs0MT539d0L LOWOYJBOL FoBILOIMYIGOOL go3w9bs.

8) 2560LsbBP3MS BogloyMEMOL Lobofiymdy boggdmdgdol s ©os LogME)IdoL BMIgdo
LEAHOGHOLAHOZWMO 33¢0g30L  FJIMEOm. FoEYdMwo LOWOWYJd0  TgLsdsToLMBST0S
AM3MYM5RB0  3gad5Ld 5 39MPMORONIE  BMIGOmsb. sbodbmwo  dmgwol
3990mygbgds  0degzs  LYTNOWIGOIL  3MTIOEFOMWO  MZIBIBOOLO®  TZ5BLMO
©5B3MHMYJ3HJOJ0 GHgMHT0bseol FTomds s 58 Fgi3sligdol Logwdzgw by dogz0mMmm
3°050939GH0wgds  Lofymdgdol  IMEM™mdOl  35©0EJO0L 96 BoGMobldmMEHm
1599915 909080L IFoMTMGIWMOOL ASBOEOL Tgbobgd.

M GHmm3bE 30bLE6E06g dmandzsdols 53EMMMBOM s 056553EGHMOMdO
3990mg399690emo 9G@3gd0
Doctoral student Konstantin Bolkvadze has authored and co-authored scientific

publications

1. Bolkvadze K., Sharabidze I, Kochadze T., Gogadze V. THE METHODOLOGICAL
FOUNDATIONS FOR CREATING THE SMALL CAPACITY PORTS ON THE BLACK SEA
COAST OF GEORGIA. International scientific journal “transport&MOTAUTO WORLD”.
YEAR 1V, Issue 1/2019. WWW.stumejournals.com

2. Bolkvadze K., Kamladze A., Sharabidze I. The possibilities of creating the small-capacity ports and
design methods. Journal of Akaki Tsereteli State University ,, MOAMBE”, No. 2, 2021.

3. Konstantin Bolkvadze, Irakli Sharabidze, Aleksandr Kamladze, Development and analysis of
normative teqchnique for designing the small sea port facilities. International journal for
science, technics and innovations for the industry “MACHINES TECHNOLOGIES
MATERIALS”. YEAR XV, Issue 2/2021. WWW.stumejournals.com



http://www.stumejournals.com/
http://www.stumejournals.com/

25

Akaki Tsereteli State University
Faculty of Engineering and Technology

Copyrighted manuscript

Konstantin Bolkvadze

Justification of prospects for creating the small-capacity ports in
the waters of the Black Sea region of Georgia and study of their
technical-economic parameters

of the Doctoral Thesis Nominated for Ph Doctor Degree
in Transport Engineering

Kutaisi 2021



26

Akaki Tsereteli State University
Faculty of Engineering and Technology

Scientific Advisor: Professor Irakli Sharabidze

Reviewers: Professor Roman Mamuladze
Batumi State Maritime Akademy
Associate Professor Nodar MardaleiSvili

Akaki Tsereteli State University

Defense of a thesis will be held 149 h,

(date and time)

at the session of the Dissertation Commission created by Dissertation Council of the Faculty of
Technical Engineering. Address: Auditorium Nel114, Building I, 59 Tamar Mepe Street, 4600,

Kutaisi.

Dissertation is available in the library of the Akaki Tsereteli State University at the address: 59 Tamar
Mepe Street, 4600, Kutaisi

The Author’s Abstract had been sent out ,, « 2021.

Dissertation Council

Secretary, Associate Professor / N. Sakhanberidze/



27

General description of work

Topicality of research. It is difficult to assess the importance of ports in the economic
development of countries and territories. Due to the fact that shipping is in most cases more efficient
than land transport, the existence of ports has always contributed to the rapid development of freight
transport between countries and regions. Shipping, and therefore, the river and sea ports, provided the
link between the world’s most economically developed centers and less developed peripheral regions.
By playing such a role, the ports performed the functions of urban growth and economic
empowerment and were the main centers of the development of regions.

It is well known that Georgia has the greatest resource potential in the form of the Black Sea,
although the extent to which this resource is used can not withstand the slightest criticism. The Black
Sea coast of Georgia, with a length of 310 km, provides the best opportunity for the development of
a network of small ports, which, among other benefits, will contribute to the intensive development
of small and medium-sized businesses at the sea, improve macroeconomic indicators (GDP per capita,
employment and unemployment indices) and consequently develop the country's economy.

Ports and harbors, which are the place of border control, transhipment, administrative services
and trade procedures, as well as nodes connecting land and maritime transport routes, are one of the
most important links in the transport-logistics chain.

Shipping on the Black Sea dates back to ancient times, thus the countries and peoples of the
Black Sea region have ancient maritime traditions and history, including in terms of international
traffic. These historical circumstances still play an important role in the processes of rational
understanding of the challenges posed by the development of maritime affairs in our country.

Despite significant investments, port operations and sea-lift capacity are still non-standard in
most cases, hindering the development of the shipping sector. A review of the national maritime policy
should take into account the growing global popularity of the concept of economic globalization and
the supply chain.

According to the World Competitiveness Index developed by the World Economic Forum,
Georgia ranks 67th, while in the "Infrastructure Criterion" of this index, including the quality of port
infrastructure — it ranks 69th.

According to the Logistics Development Index, compared to other neighboring countries in
the region, Georgia has poorly developed transport logistics systems. Such a situation has a negative
impact on:

- The pace of development of small and medium business;
- Investment attractiveness of the country;
- The economy, employment and living standards.

To overcome the existing challenges, the Government of Georgia, through the interest of
business structures, should take effective measures to further develop the land-maritime transport and
logistics systems and increase its competitiveness, which will play a major role in creating and
developing a network of small ports in the country. At the same time, these studies will become an
important basis for the development of a "Maritime Business Development Strategy" in Georgia.
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Goals and objectives of the research

It should be noted that the operation of large-deadweight ships is accompanied by a reduction
in the number of direct access to their ports, which necessitates the use of a "hub and spoke™ system,
which reduces the degree of process flexibility and presumably lower efficiency of voyage frequency.

Shippers believe that the result of all this is failures in the supply chain, delays, the creation of
large stocks, and consequently an increase in capital demand, which often becomes a major problem
for a powerful port-hub.

Thus, the creation of a network of small ports plays an important role in the development of
small and medium-sized businesses in maritime countries today. For example, Latvia, along with
major port hubs (Liepaja, Ventspils, Riga, etc.), has seven small ports on the Baltic Sea (Pavilosta,
Roya, Mersrags, etc.). They provide an important tool that has a positive impact on the sustainable
and equitable development of small and medium-sized businesses in the country. Small ports are
becoming the centers of regional economic activity.

The technological process of exports from a small port is faster and easier compared to large
deep-water port hubs. Because in small ports it is possible to deliver cargo by road directly to the
terminal, this is very economical as it is no longer necessary to preload the cargo unit and transport it
from the cargo yard or warehouse to the docking station.

Public or private investment in the creation of small ports and the improvement of their
infrastructure will have a positive impact on reducing maritime shipping risks and increasing safety,
reducing the risks of large-scale pollution and helping to improve the functioning of small ports.

By means of small ports, it is possible to transship cargo at little cost. Priority is given to the
services of small-scale agricultural, construction, raw materials and other types of cargo produced in
the region. A seafood primary processing plant can be located in or near the ports, which should
simplify transportation of fish and export of finished products. A small port can easily develop yacht
and cruise tourism.

Research methodology

The basis of the competitiveness of modern small ports, along with an attractive geographical
location and well-maintained infrastructure, is the operation with high standards of service. The
growth of goods transport to the countries of the South Caucasus and Central Asia, as well as from
China to Europe, requires the use of particularly efficient methods in shipping processes and logistics
decisions.

The paper uses a dialectical method as a theoretical-methodological basis for research, during
which economic events related to research are considered in a strict cause-and-effect relationship. And
the analysis of the research results was carried out by the method of comparative analysis based on
the investigation of cause-effect relationships.

The studies also use the well-tested method of system analysis, which involves the creation of
a single whole system of selected functions, which in its efficiency exceeds the total efficiency of its
components or functions. Such an approach allows us to ensure a synergistic relationship between the
individual infrastructure links of small ports in order to increase the overall efficiency of its operation
with a view to increasing the total efficiency. The studies use probabilistic-statistical methods and
models for solving transport problems appropriate to both classical and particular situations.
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With a view to determiining the adequacy of theoretical calculations by means of field-
experimental methods, studies of the small port territory and the traffic routes of vehicles using GIS
and other modern systems have been carried out.

Expeected results of the research

One of the areas for the implementation of the plan of effective spatial arrangement of business
enterprises and transport infrastructure facilities declared by the government of our country can be
considered the arrangement of a network of small ports on the Black Sea coast of Georgia.

The idea of creating a network of small ports on the Black Sea coast of Georgia is closely linked
to solving the socio-economic and environmental problems in the region, strengthening peaceful
relations with the conflict zones and enhancing mutual trust. By creating a network of ports, it will be
possible to achieve significant innovative results for the country and the region as a whole.

Based on the results of the research, it is possible to start the practical implementation of a
particular technological activity, which will significantly reduce the risks for the project sustainability
in the research process and pave the way for further practical implementation.

As a result of fruitful cooperation between the governmental and business structures interested
in the technologies created on the basis of the research, the transport port-logistics systems of the
small port network will be qualitatively improved, as a result of which the risks related to the
implementation of the developed technologies will be minimized, which will become the basis for its
practical implementation.

During the research the process, with the involvement of relevant government and business
structures, a strategic plan for the development of small and medium-sized businesses related to the
sea will be created in Georgia, which is currently not in place.

International and local collaboration in the research

The research included collaborations with both foreign and local institutions. Interest in the
project of small ports on the Black Sea was expressed by: the Wismar University from Germany, Sofia
Transport University, Varna and Burgas Technical Universities from Bulgaria; Odessa National
University of Economics from Ukraine; the Caspian State University (Aktau) and L.N. Gumilyov
Eurasian National University (Asatana) from Kazakhstan. Within the framework of the research, the
issues of advisory services in cllaboration were discussed at the meetings during the work of
international scientific conferences (trans & MOTAUTO; "HIGH TECHNOLOGIES. BUSINESS.
SOCIETY, EUROPE - ASIA TRANSPORT BRIDGE).

Within the framework of the research, work was also done with local institutions as follows:
LEPL Maritime Transport Agency, which monitors Georgian seaports; the Ministry of Economy and
Sustainable Development of Georgia - in terms of specifying the prospective volumes of cargo flows;
the regional administrations of the coastal regions, with a view to selecting the location of the
infrastructure facilities related to the project and the surrounding recreational zones, etc.

The governments and business organizations of the neighboring countries, such as Turkey,
Azerbaijan, Bulgaria, Ukraine, Armenia, Kazakhstan, as well as the Chinese government with the
greatest economic potential are interested in the development and support of Georgia's maritime
transport infrastructure.

According to recent reports, the Iranian government is actively considering the real prospects
of increasing cargo volumes to European countries via Georgia.
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An overview of work
Presentations on the results of dissertation paper were made at the following conferences and
forums:

5. International Scientific-Practical Conference “HIGH TECHNOLOGIES.

BUSINESS.SOCIETY” 13 — 16.03. 2021, Borovets, Bulgaria.

6. International Scientific-Technical Conference “trans&MOTAUTOI19”. Varna, Bulgaria,

2019.

7. International Scientific Conference at the Batumi State Maritime Academy, Batumi, 2020.

8. The scientific-practical workshops on transport-related issues held at the Department of
Transport and Civil Engineering of Akaki Tsereteli State University, ATSU, Kutaisi, 2019-
2021.

Published materials
On dissertation materials, there have been published 3 scientific papers in high-rated journals,
recommended by the Dissertation Council of the Faculty of Technical Engineering of ATSU,
including two papers have been published in peer-reviewed English-language journals.
The volume and structure of dissertation
Dissertation is was performed in Georgian language and is divided into four chapters, and
comprises 143 A4 format printing pages, including 20 tables, 53 drawings, n list of 128 references.

The first chapter of the paper dwells on the history, purpose and classification of the seaports.
As a result of the research analysis, we have conditionally selected the geographical location of three
small ports on the Black Sea coast of Georgia (Fig. 1).

Preliminary calculations resulted in selecting the territory adjacent to the territory, where the
Chakvistskali River meets the sea, the area around the town of Grigoleti and the area around the town
of Ochamchire. The idea of creating a network of small ports is closely linked to solving the socio-
economic and environmental problems in the region, strengthening peaceful relations with the conflict
zones and building mutual trust.

The seaport is a complex transportation complex that must have a variety of functional
purpose.

Figure 2 illustrates the transport-technological scheme of the port terminal.

As can be seen from the disgram, the main elements that determine the efficiency of the port
are the berth and storage areas. The main functions of the ports are loading-unloading and transport-
distribution works.

The historical factors of the creation of the seaports, the issues of the impact on their
infrastructural equipment and regional development are discussed in the papers of L. Tellier, M.
Kuznetsov, S. Ferrari, M. Stipford and others. There is a direct correlation between the development
of the region's economy and the ports, and those cities and towns where there is a port have
competitive advantages.

Figure 3 illustrates the contribution of the small ports to the development of the region’s economy.
An analysis of the experience of the Baltic States has revealed that the main contribution of the

small ports to the economic growth of the surrounding coastal regions is the creation of a favorable
environment for the establishment and development of small and medium-sized businesses in these areas.
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The ports, as the transshipment points, should be used economically and organizationally not only
for the complete logistical processing of cargo, but also as an important contributing factor to the
development of industrial and agro-logistical potential in the surrounding areas.

The second chapter of the paper describes the analytical methods for calculating the port
infrastructure parameters. Based on the analysis, the publications made on these issues can be
conditionally divided into several categories, particularly on: information on cargo ships in the
maritime space; loading and unloading works at the port terminal; transportation of cargo between the
technological zones of the terminal; the operational aspects of the functioning of terminal. The rapid
growth of new types of devices has a significant impact on design methods. For example, changes in
the composition of equipment required for handling cargo lead to an increase in the variety of
terminals themselves.

The basics of designing the seaports and terminals are given in the works of many researchers
such as: A. Frolov, P. Kuzmin, V. Strakhov, V. Yatsenko, T. Buzhenov, B. Usanov, A. Stepanov, F.
Ktsman and others.

At the initial stage of the calculation, the intensity of the load-unloading work is considered,
which is determined by the duration of the load work and the production delay time, and it is calculated
by the formula

Paaity = - Q
daily — o Aj(tj+taj) days’
Yje1"2ap;

J
where n — the number of ships;

D; -the design load of j-type ship, t;

Aj —the calculated share of j-type ship in the volume of the cargo-turnover;
t;; — time spent on ship loading operation, h;

tqj — ship production delay time on the coast, h.

The annual navigation capacity in tons is calculated according to the given formula
P = 30Pqqily' Kmet'Ka-Nm
an Km

where N,,, — number of months of navigation;
K,,, — monthly variation factor;
K.e¢ — coefficient that takes account of meteorological conditions;
K, — ship delay coefficient that takes account of detention time.
Thus, the annual throughput of the port is the volume of cargo that it can provide for a given use
factor. This volume is less than the capacity of the berth.
It is important to determine the berth load factor during technological design. It is recommended

to determine the number of berths by the following formula:

Qm
30Pdaily'Kmet'Km '

Ny

where Q,,, — the calculated monthly cargo-turnover, t/m;
Pgqiry — intensity of loading-unloading operations, t/per day;
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K. — use factor of working time of the berth with account of detention caused by
meteorological conditions.
Through simple transformations, we shall obtain
Qm _ Qm " Np _ Qan
30Pdaily K Kan B Pun a Pun

N =

The idea behind the formula is that the required annual cargo turnover of the entire port or terminal
should be divided by the calculated theoretical cargo turnover of one berth to obtain the required
amount of berths. The value obtained with this should be rounded up to a greater value or to the nearest
whole number.
Figure 4 illustrates the ship flow service with two berths, while Figure 5 shows the ship flow service
with one berth.

Based on the analysis of the above schemes, we can conclude that the construction of two fully
functioning berths that will enable us to serve relatively large ships is not advisable. To receive these
ships, it is advisable to build one berth, which provides its loading with the coefficient K = 180/300 =
0,6. If the second berth is also used for small vessels at the same time, then the load factor will be K
=100/330 = 0,33, which will ultimately give us a practically full loading of both berths.

When considering the technological design, it is important to determine the berth’s labor
utilization rate taking into account meteorological conditions. The numerical value of this rate is
important for determining the substantial quantities such as the annual capacity of the port and the
number of berths. The rate takes account of the impact of precipitation, wind and ambient temperature
on working conditions.

The process of creating this or that type of port or terminal, as the object of any transport
infrastructure, goes through several stages ranging from the business idea to the analysis of the
commercial results of the operation. This process involves the creation of project and work
documentation, construction, commissioning and operation of the object. The phases of creating the
port terminal are given in Figure 6.

Meanwhile, Figure 7 illustrates the practical scheme for creating the port terminal.

In practice, the unified procedure for the creation of a port terminal is completed as a series of
independent successive phases related to substantiated technical assignments and based on
methodological recommendations for design standards (Fig. 5). In a number of cases the design
procedure is completed by various organizations and specialists. Examining new circumstances at a
later stage of design very often requires modifications to the current project.

The third chapter of the paper discusses the study of the operational and technical condition
of the berths of small ports.

During operation, hydraulic engineering structures of the port are exposed to significant
environmental and operational impacts.

The main natural-aggressive impacts on berth buildings are: collisions of ships and waves,
streams, decomposition of materials during an instantaneous change in ambient temperature,
variability of water level, corrosion caused by salty sea water, etc.
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Operating impacts include: berth overloading; mechanical action of ships, in particular the hits
when entering the port; chemical action that occurs during the placement and handling of cargo in the
port.

According to the impact of the environment, hydraulic engineering structures of the port can be
divided into the following zones: underwater - underground zone; the variable level zone; the water
surface zone; the internal filling zone.

In the underwater — underground zone, the part of the structures are constantly under water and
in the ground. The upper limit of the zone is the lower limit of the variable level.

In the variable level zone, the structure and individual elements of the building experience
alternating types of drying and wetting, as well as freezing and thawing at the negative temperatures.

The surface zone is located above the variable level zone. The part of the structures in this zone
Is exposed to atmospheric precipitation, air temperature variability and solar radiation.

Some of these structures in the internal filling zone are not in direct contact with the
environment. These include thin-walled structures of the building, reinforced concrete products and
so on. One of the major factors affecting the stability and durability of structure is the ground, and
knowledge of its characteristics is important when assessing the foundation’s ground stability.

During the design and operation of berth buildings, it is necessary to consider two aspects: 1)
the study of external impacts on structures and 2) the study of the reaction of structures to these
impacts, both in the short and long term. It should be noted that the strength of the construction
materials of structure is significantly affected by the characteristics of the water and soil environment,
such as: acidic aggressiveness; content of sulfuric acid and other salts; hydrogen sulfide dissolved in
the sea water, which is abundant in Black Sea water; the presence of wandering currents and so on.
The main characteristics of dynamic and vibratory loads on structures of the port are the frequency,
amplitude and acceleration of vibration of construction elements and the foundation’s ground resulted
from the operation of vehicles and mechanisms.

According to the nature of the impact of static load, berth’s hydraulic structures are divided into
two groups: arched and non-arched structures.

In arched-type structures (Fig. 8), the net static load is transferred from the ground environment
and generates the so-called “arched” pressure on structure that is accumulated with the “arched”
pressure of the filling ground on the lower part of structure. In addition to horizontal component, the
arched pressure is characterized by vertical component, which depends on friction value between the
ground and the wall.

In non-arched structures (Fig. 9), the net static load is the force acting directly on the structural
elements.

Prior to the action of load on the “wall-loose ground” system, only the ground’s arched pressure
a, was applied to the wall, while the action of q(x;x,) load resulted in an increase in the arched
pressure by a(q) value (the diagram shows the dashed part of the curve). However, according to the
law of elastic force equation, the magnitude of the wall curvature increases, namely its displacement
from the upper pillar increases by a magnitude A, and the elastic force equation is:

B 22 = M), (3.)
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where M (y) - the bending moment component caused by the load «(q) on the wall;
EJ —wall rigidity.

a(q) — arched pressure increment caused by the load q(x;x,);

a'(q) — q(x1x;) residual pressure caused by the load q(x;x,);

A — displacement of the upper part of the wall resulted from the action of load q(x;x,);

t(q) — arched pressure vertical component; A" - residual displacement of of the upper part of
the wall after removal of the load,;

H - wall height;

x;and x, —load band coordinates.

According to the calculation methodology developed in the paper, the type of small port
structure can be selected and the main load characteristics caused by the influence of external
disturbing force factors can be calculated. The fourth chapter of the paper dwells on the study of
the technical-economic parameters of one of the important structural units of the small seaports - the
warehousing system. The high level of functioning of cargo handling processes is related not only to
the coordinated operation of different types of transport, but also to the effective management of cargo
warehousing processes in time. First of all, it is necessary to identify the main performance function
of the port warehouse.

The modern seaports may differ significantly in appearance, but despite these differences, their
role in the supply chain logistics, transportation and handling operations is identical to the type of
cargo. All seaports or terminals, whose specialization profile is defined according to the type of cargo,
perform an identical function and for the effective performance of this function it is provided to equip
them with different functional elements. All these elements are connected to each other and form the
appropriate transport-technological system of infrastructure.

Cargo entering the port, before further delivery, is temporarily placed in a cargo warehouse,
which performs the function of accumulation and equality of peak receipt or delivery of cargo between
different types of vehicles. If the ship enters the port to receive cargo ahead of schedule, then in order
to perform cargo loading work in the warehouse, there must be a backup cargo. If the ship arrives at
the port with a delay, then the warehouses must have a stock of goods that ensures the continuous
operation of transport. If the ship is late in receiving the cargo, then the warehouse should be able to
accommodate the extra cargo that will arrive by land.

Cargo handling at the port warehouse is primarily related to the change in its shape during
transportation and storage, which is determined by the specialization of technological equipment.
Because of this, separate ports and terminals are equipped with different functional elements to
perform these functions. The function of changing the shape of goods serves their logistic processing.
The general scheme of the terminal transport logistics system is given in Figure 11.

The main component of the formation of the transport-logistics system is the internal port
transportation system, which is represented in the diagram by means of arrows. Each of these
connections represents a particular cargo micro-flow and forms a micro-cargo front that forms the part
of the overall cargo front.

Based on the analysis, it can be concluded that one of the key links in the performance of the
seaport and terminal (which is reflected in the quality and efficiency of service) is the cargo
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warehousing system, which determines the potential of the port and lays down the principles of
economic development.

Consider how the average and maximum volume of joint storage of cargo in the port warehouse
space can be evaluated.

Cargo consisting of n different types of independent batches with a volume of ¥, [is stored

unevenly in the warehouse, which means that the storage time of the a; part of the batch is T; length
of time, the storage time of a, part is T, and so on. Storage of I}, volume cargo in a warehouse requires
determining the so-called place-time number, called warehouse operation on per batch storage, and is
determined by the dependency as follows
an = Xima Vo Ty = Vo Xing ai Ty,
where V,, —the volume of the n-th batch of cargo;
a;; a, ... a; — the share of the batches of volume V,, in cargo;
T;; T, ....T; — storage time for the separate cargo batches;
a,, —work of warehouse on cargo storage.
The value Y-, o;T; is the average storage time of cargo in the warehouse
Th = Xz aiT;

Overall work of warehouse, when storing the volume V,, of cargo.
(n=1....., N) during a time interval T is determined as follows
A= Z§=1 On ZII:I=1Vn Y
where A - work of warehouse on storage of all cargo batches;
N — overall quantity of cargo sored in the warehouse.

The average volume of stored cargo E is a quantity that has the value of the volume of warehouse

work for time T
E-T=A,

where E — the average value of the volume of stored cargo;
T — cargo batch storage time &goGoob.

Average storage capacity of cargo to be stored in the warehouse during T = 365 days

_ NVTs _ QyTs
T 365 365
where Q- quantity of cargo moved from the warehouse during the period of T ;

Q, - quantity of cargo moved from the warehouse for the whole year.

Quantity of cargo moved from the warehouse for the whole year is calculated by the expression

where the average volume stored cargo is
5 NVTs _ 0 To
365 365
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365
and Tine === ~

=3

is the average time interval between inputs of cargo in the warehouse.

In logistics, the magnitude (365/Ts) is an indicator of the "turnover"” of a warehouse. It shows
how many times the composition is completely renewed in the warehouse during the period under
review.

During the research process, there was also developed a methodology for determining storage
space area for the small ports. In the case of the open and closed ports, the required storage space area
is determined by the formula

_E
T aky
The value E is calculated capacity of the warehouses, and it is determined by the relationship
E=KD+P-n,

where K - coefficient of cargo flow complexity entered the warehouse, and it take account of the type
of cargo.

For homogeneous cargo K=1,0+1,3;

For mixed cargo K=1,3+1,6;

D — cargo deadweight tonnage (t);

The value P - n — spare cargo capacity (t), where P is the intensity of loading-unloading operations
per day (t/per-day), while n standard spare time.

The value g represents the technological load of the stored cargo. Technological load for
single-storey warehouse buildings q=2,5 t/m?, while for the first and remaining floors of multi-storey
buildings q=2,1 t/m? and q=1,35 t/m?, respectively.

K,, is the usage factor of the closed type warehouses and in case of mixed general loads is determined
from the table.

It should be noted that for the closed type warehouses, the useful height of the building or the
height from the floor to the load-bearing structure of the roof is of importance. Its size is determined
by the type of building and for single-storey warehouses H=7,8 m.. For the first floor of multi-storey
buildings H = 6 @,, and for other floors its size should not be less than 4.8 m.

General conclusions and recommendations

9) The role of the small ports in the development of small and medium-sized businesses in the
bordering countries and the possibilities of transshipment of small quantity of goods produced
in these regions in a short time with small costs were studied;

10) Based on topographic planning and geographical location analysis, the prospects and
opportunities for the establishment of a small-capacity port in the Black Sea area of the
territory adjacent to Chakvi and the Chakvistskali River were studied and justified, which
easily realizes the potential for small and medium-sized businesses in the region;

11) Based on the normative methodology of calculation and design of the port construction,
according to the topographic plan and geographical data of the study area, the design scheme
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of the terminal was created and the number and layout of berths were determined for the given
capacity of cargo flows;

12) The methodology of the study of the distribution and entry-exit schedule of ships in the
projected port was developed, on the basis of which the schemes and frequencies of the routes
of cargo flows and land transport (rail, road) were studied,;

13) The study of the operational-technical parameters of hydraulic engineering structures of the
projected berth was carried out. The characteristics of the impact of external factors on the
berth buildings were determined and the influence of the ground characteristics of the selected
area on the construction of the buildings was studied;

14) It has been established that the change of the ground characteristics obeys the laws of nonlinear
problems and the description of the stability and deformation phenomena of hydraulic
engineering structures in the ground space is not described by a single complex approach, but
is considered by solving individual problems;

15) Numerical study of the stress-strain state of the berth hydraulic engineering structures in
difficult engineering geological conditions was carried out. In particular, the influence of the
characteristics of the hydrostatic pressure of water in the water area and the depth values of
the groundwater on the strain state of the tongue and groove was determined.

16) Dimensions of port warehousing facilities and open spaces were determined by statistical
survey method. The values obtained are consistent with the topographic plan and geographical
dimensions. The use of this model allows us to evaluate the operation of the projected terminal
from a commercial point of view and, based on this evaluation, to make a decision on
increasing the volume of warehouses or increasing the efficiency of vehicles.



